Background: Women in study areas suffered from the problems of caesarean delivery (CD), low birth weight (LBW), and macrosomia. Objective: To investigate how gestational weight gain (GWG) influences the effect of the pre-pregnancy body mass index (BMI) on the risks of CD, LBW, and macrosomia in urban and rural areas in a city of Iran. Methods: We used 767 and 612 eligible subjects from the public health care centers in urban and rural areas respectively. Results: The risk of CD increased from 74% to 2.62-fold in urban and from 62% to 2.15-fold in rural areas, and the risk of macrosomia increased from 58% to 2.35-fold in urban and from 47% to 96% in rural areas, among obese women compared to normal weight women who gained above median GWG. The risk of LBW increased from 38% to 92% in urban and from 49% to 97% in rural areas among lean women compared to normal weight women who gained below median GWG. Conclusion: These findings strongly support the need to reform adequate pre-pregnancy weight and GWG against the risks of CD and macrosomia among overweight and obese women, and against the risk of LBW among lean women in both areas. Keywords: Body mass index, gestational weight gain, caesarean delivery, low birth weight, macrosomia. DOI: https://dx.doi.org/10.4314/ahs.v17i1.4 Cite as: Babanezhad M. How weight during pregnancy influences the association between pre-pregnancy body mass index and types of delivery and birth: a comparison of urban and rural areas.
Introduction
Over the past decades, pre-pregnancy BMI has been employed to assess the risk of pregnancy outcomes such as caesarean delivery (CD) and infant birth weight (IBW) [1] [2] [3] [4] [5] . Gestational weight gain (GWG) has also been referred to as a good means for evaluating the risks of CD and IBW [6] [7] [8] [9] [10] [11] [12] [13] . Thus classifying women into the different pre-pregnancy BMI categories often raises the question whether the risks of CD and IBW are affected merely by pre-pregnancy BMI, or they might be influenced by GWG as well. While understanding the association effect of BMI and GWG has been controversial between the local health researchers in different nations 14-21 , particularly in Iran [22] [23] , some studies investigated the combined effect of BMI and GWG on pregnancy outcomes in Western countries and countries in South and East Asia [16] [17] [18] [19] [20] . For instance, Nohr et al. 16 investigated that high BMI and high GWG are associated with the risk of CD in the Danish National Birth Cohort. Frederich et al. 17 showed that IBW is influenced by pre-pregnancy BMI and GWG on Seattle and Tacoma, Washington women. Thorsdottir et al. 18 revealed that women with normal BMI (19.5-25.5 kg/ m 2 ) who gained weight within the Institute of Medicine (IMO) guidelines of 11.5-16 kg experienced fewer delivery complications than those who gained >20 kg for the Icelandic women. Merchant et al 19 showed that lean women (BMI<19.8 kg/m 2 ) who gained<12.5 kg had lower IBW compared to those who gained>12.5 kg among Pakistani women. 20 showed that pre-pregnancy BMI and total GWG were jointly associated with the risks of CD, LBW, and macrosomia in China. Increased rates of CD, LBW, and macrosomia have been recently observed in Iran [24] [25] [26] [27] [28] [29] [30] . A few studies have been carried out in Iran, but to the best of our knowledge, none of them has succeeded in investigating the association between the risks of CD, LBW and macrosomia and pre-pregnancy BMI by looking at the effect of weight during pregnancy [29] [30] .Therefore, this study sought to explore the following research questions among pregnant women in two areas of the North East of Iran: (1) What are the differences in GWG within the IOM guidelines recommendation across pre-pregnancy BMI categories among women in urban and rural areas? (2) What are the differences in the rates of CD, LBW, and macrosomia among women in urban and rural areas? (3) How and in which direction the association between pre-pregnancy BMI and GWG affect the risks of CD, LBW, and macrosomia in urban and rural areas? Findings from this study may contribute to our understanding of the link between pre-pregnancy BMI and weight during pregnancy. These findings may also extend existing literature by providing information that underscores the need to reform pre-pregnancy weight and weight during pregnancy against the risk of CD, LBW, and macrosomia among women in urban and rural areas.
Methods

Study area and data
The study area is the city of Gorgan which is located in the NorthEast of Iran. This study randomly selected 767 and 612 singleton term pregnancies that referred at ≤10 weeks of gestation to one of 6 and 4 public health care centers respectively in urban and rural areas. Eligible participants were women who followed the prenatal care of the public health center and planned to deliver at the hospital which they were referred to by the physician. The expected dates of delivery were between April 2011 and July 2012. Women were interviewed by trained health workers. Maternal information such as weight in early pregnancy, height, gestational age, parity, pre-term, history of abortion and stillbirth, smoking, alcohol, drug addiction, and chronic disease were recorded using a standard questionnaire. Gestational age was determined using the self-reported date of last menstrual period (LMP) and confirmed by earliest ultrasound, when available, or by physician's best LMP estimate. Pre-pregnancy maternal weight was self-reported or was measured in the first trimester (or at the first prenatal care visit). Note that women with chronic diseases and with complications of pregnancy (health problems that occur during pregnancy or had before pregnancy) such as gestational diabetes, pre-eclampsia, anemia, depression (n=47 in urban, n=29 in rural) were excluded from the study, because this may affect the combined effect of GWG and BMI on CD and IBW. In addition, women with twin gestation (n=31 in urban, n=24 in rural) and women either whose weight in early pregnancy or in the first trimester (or at first prena-tal care visit) were not available (n=34 in urban, n=19 in rural) were excluded from the study. Women also claimed to be non-smokers, non-drinkers, and non-drug users. The permission for collecting the data in this study was approved by Golestan University of Medical Sciences.
Treatments and outcomes
Pre-pregnancy BMI (pre-pregnancy weight in kilograms divided by height in meters squared) and GWG (the difference between pre-pregnancy weight and weight before delivery) were considered as treatments. Women were categorized into 4 BMI classes based on WHO: BMI<19.9 (lean), BMI=19.9-25 (normal weight), BMI=25-30 (overweight), and BMI≥30 (obese) 15 (Figure1). In line with IOM guidelines 14 , GWG across BMI categories are 12.5-18 kg for lean women; 11.5-16 kg for normal weight women; 7-11.5 kg for overweight women; and ≤7 kg for obese women. In fact, GWG were generally categorized into three groups across BMI categories: below, within, and above guidelines. For instance, lean women with GWG<12.5 is below, with 12.5≤GWG≤18 is within, and with GWG>18 is above guidelines. To avoid collapsing the latter categorization and increasing the cell number in our analysis, we categorized GWG into two groups: ≤median; and >median ( Figure 1 ). Pregnancy outcomes were unplanned CD (1=if CD, 0=if not) as a dichotomous variable, and IBW (kg) which was grouped LBW (<2.5 kg), normal birth weight (2.5-4 kg), and macrosomia (> 4 kg). IBW was a categorical variable with three levels where normal birth weight was considered as the reference group.
Statistical model
To incorporate the correlation within women and the variation among women, we fitted the logistic mixed-effect model with random intercept and random slope for health care center levels in urban and rural areas by adjusting the measured characteristics of the mothers and their infants. Specifically, the random intercept was 1 and the random slope was the levels of health centers (level 1 for urban health centers, 2 for rural health centers). Because our participants were under the prenatal care of two public health care centers in urban and rural areas with different levels of medical facilities such as having connoisseur specialists and trainers, technological resources, providing comprehensive care. These are accepted between the local health care physicians in the study areas that the health care centers in urban areas were at the high quality levels of care 31 . Then unobserved heterogeneity of care was likely to be present between women in two areas. Thus, we used the following logistic mixed-effect model;
where Y is pregnancy outcome, X is treatment, W is characteristics of the mothers and their infants, and Z is the health care center levels for urban and rural areas. Note that in the above model ψ1 is the effect of the treatment, θ is the vector parameter of the effect of W, β is the vector parameter of the random intercept and random slope, and ε is error term. We first estimated the effect of BMI on the risks of CD, LBW, and macrosomia by ignoring the association between BMI and GWG compared to women with normal weight as the reference group. Next, we took into account the association between BMI and GWG to estimate the combined effect of BMI and GWG on the risks of CD, LBW, and macrosomia. The latter was performed by constructing eight-level combined categories ɛ of BMI (four groups) and GWG (two groups). To answer how and in which direction the association between pre-pregnancy BMI and GWG affect, we established two reference groups. The first reference group was normal weight women with GWG>median, and the second reference group was normal weight women with GWG≤ median. We further adjusted the measured characteristics of the mothers and their infants listed in the previous section as the confounder factors. Adjusted risk ratio (RR) and its 95% confidence interval (CI) were obtained. Statistical analysis was performed using R-3.2.2 software throughout.
Results
In total, 1,195 singleton pregnancies remained from 6 and 4 public health centers in urban and rural areas respectively. Table 1 presents maternal and infant demographic characteristics.
Out of 655 subjects in urban areas, 10.08% were lean, 32.52% were normal weight, 39.69% were overweight, and 17.71% were obese. Out of 540 subjects in rural areas, 5.56% were lean, 31.48% were normal weight, 34.81% were overweight, and 28.15% were obese. Median GWG in urban and rural areas were 12.5 (kg) and 11.5 (kg) respectively, and 57.4% (42.6%) of women gained weight ≤12.5 (>12.5) in urban areas, and 60.5% (39.5%) of women gained weight ≤11.5 (>11.5) in rural areas ( Figure 1 GWG was12.17 ±4.38 and 10.93 ±4.57 kg, respectively in urban and rural areas (Mean ±SD). We observed lean, normal weight, overweight, and obese women in rural areas were slightly younger, more likely to be multiparous, were less likely to have an abortion, were less likely to have preterm, and were less likely to have a stillbirth as compared to urban women with the same BMI. Further, we evaluated compliance with the IOM guidelines across BMI categories to develop GWG guidelines for optimal CD and IBW. Table 2 shows 37.89% of lean women, 29.11% of normal weight women, 37.69% of overweight women, and 36.21% of obese women were within the IOM guidelines for GWG recommendation in urban areas. While 40% of lean women, 36.47% of normal weight women, 39.89% of overweight women, and 45.39% of obese women were within the IOM guidelines for GWG recommendation in rural areas. These implied that more women in all four BMI categories had not adhered to their IOM recommendation for GWG in both areas. Further, the two groups of women in urban and rural areas in ≤median and >median of GWG were comparable. This is because the GWG median in urban and rural areas were 12.5 (kg) and 11.5 (kg) respectively, and also the percentage of the women in both areas with GWG ≤median and with GWG>median were not significantly different (Table 1) . We compared these two groups as the independent samples by using Chi-square test. Our analysis also showed that BMI and GWG were positively associated with CD, LBW, and macrosomia in urban and rural areas after adjusting for the mothers and their infant's characteristics.
Identification of correlation and partial correlation
We investigated the correlation between BMI and GWG, and conditional on IBW. The results showed that the correlation between BMI and GWG was -0.11 and -0.14 in urban and rural areas respectively. This implied that BMI and GWG were significantly inversely correlated in both areas. Our analysis also showed that BMI was independently associated with IBW in both areas (R = 0.56, p.value= 0.001 in urban; R = 0.51, p.value= 0.001 in rural), and GWG was also independently associated with IBW in both areas (R = 0.32, p.value= 0.002 in urban; R = 0.28, p.value= 0.004 in rural). Further, to identify how GWG affects the correlation between BMI and IBW, we obtained the partial correlation between BMI and GWG conditional on IBW adjusted by W (the characteristics of the mothers and their infants). The partial correlation is a measure of the strength and direction of a linear relation between BMI and IBW whilst controlling for the effect of GWG on IBW adjusted by W. Specifically, the partial correlation between BMI and GWG conditional on LBW was obtained by 0.33, p.value= 0.004 in urban and 0.39, p.value= 0.002 in rural areas. The partial correlation between BMI and GWG conditional on macrosomia GWG was obtained by 0.54, p.value= 0.001 in urban and 0.51, p.value= 0.001 in rural areas. We imply that the correlation between IBW and BMI was increasingly influenced by GWG. The partial correlation between BMI GWG conditional on CD was performed by non-parametric test due to CD is a binary variable. We observed that CD was also increased by increasing BMI and GWG categories.
Therefore, we obtained the effect of pre-pregnancy BMI effect on CD, LBW, and macrosomia by ignoring the partial correlations between BMI and GWG by fitting the logistic mixed-effect model. We, in fact, considered GWG as the confounding factor in our statistical analysis here. Results in Table 3 show that overweight and obese women were at approximately a 52% (RR=1.52, 95% CI; count the association between GWG and BMI. Results in Table 4 show that overweight women those who gained ≤12.5 kg experienced a 55% increased risk of CD in urban areas, while there was not a significant risk of CD in overweight women those who gained ≤11.5 kg in rural areas as compared to the first reference group. Moreover, overweight women those who gained>12.5 kg in urban and those who gained >11.5 kg in rural areas experienced a 92% and a 78% increased risk of CD in urban and rural areas respectively as compared to the first reference group. Further, obese women those who gained ≤12.5 kg in urban areas and those who gained≤11.5 kg in rural areas experienced 2.17-fold and 70% increased risk of CD as compared to the first reference group in urban and rural areas respectively; while obese women those who gained>12.5 kg in urban and those who gained>11.5 kg in rural areas experienced 2.62-fold and 2.15-fold increased risk of CD in urban and rural areas respectively as compared to the first reference group. These implied that risk of CD was increased for overweight and obese women in both areas when GWG influence the effect of BMI. In addition, lean women those who gained ≤12.5 kg experienced a 57% reduction risk of CD in urban areas as compared to the first reference group. Further, overweight women those who gained≤12.5 kg experienced a 79% increased risk of macrosomia in urban areas, but no significant risk was observed for overweight women those who gained≤11.5 kg in rural areas as compared to the first reference group. Moreover, overweight women those who gained >12.5 kg in urban areas, and those who gained >11.5 kg in rural ar-eas experienced a 91% and a 70% increased risk of macrosomia in urban and rural areas respectively as compared to the first reference group. Obese women those who gained ≤12.5 kg in urban areas, and those who gained ≤11.5 kg in rural areas experienced 2.08-fold and a 89% increased risk of macrosomia in urban and rural areas respectively as compared to the first reference group, and also these groups of women those who gained>12.5 kg in urban areas, and those who gained>11.5 kg in rural areas experienced 2.35-fold and a 96% increased risk of macrosomia in urban and rural areas respectively as compared to the first reference group. Here, GWG influenced the effect of BMI on the risks of CD and macrosomia. This is because the partial correlation between BMI and GWG on the risks of CD and macrosomia were significantly increased by increasing BMI and GWG categories. When we switched to the second reference group, lean women those who gained ≤12.5 kg experienced a 48% and a 51% reduction risk of CD in urban and rural areas respectively. We observed no risk of delivering LBW infants by considering the first reference group, except obese women those who gained>12.5 kg experienced a 37% reduction risk of LBW in urban areas. We observed the risk of LBW by switching to the second reference group. This is because the partial correlation between BMI and GWG on the risks of LBW was significantly increased by decreasing BMI and GWG categories. Specifically, lean women those who gained ≤12.5 kg in urban areas, and those who gained ≤11.5 kg in rural areas experienced a 92% and a 97% increased risk of LBW in urban and rural areas respectively as compared to the second reference group. In addition, lean women those who gained >12.5 kg in urban, and those who gained >11.5 kg in rural areas experienced an 82% and a 94% increased risk of LBW in urban and rural areas respectively as compared to the second reference group.
Discussion
The purpose of this study was to investigate the association between the pre-pregnancy BMI and GWG among two groups of women under the two different levels of health care centers in two areas on the risks of CD and infant birth weight. Our study areas were urban and rural areas of a city in Iran which recently suffered from the problems of high rates of CD and infants with low (high) birth weights. The findings pertain to our three research questions. First, regarding GWG differences within the IOM guidelines recommendation across BMI, results showed that women in rural areas were totally more likely to be within the IOM guidelines for GWG recommendation than the women in urban areas (Table 2) . Then, we expected that women in rural areas would have experienced lower risks of CD, LBW, and macrosomia than women in urban areas. Second, regarding the unadjusted comparison of the rates of CD, LBW, and macrosomia, our results revealed that women in urban areas were more likely under the risks of CD and macrosomia, and women in rural areas were more likely under the risk of LBW (Table 3) . That is, in view of ignoring the association between BMI and GWG, our results in Table 3 revealed that overweight and obese women in urban areas were at approximately 6% and 19% risk and more likely to have CD compared to the same women in rural areas respectively. These groups of women in urban areas were at approximately 14% and 23% risk and more likely to deliver macrosomic infants compared to the same women in rural areas. This implied that the risks of CD and macrosomia among overweight and obese women in urban areas were more than the women with the same BMI categories in rural areas. In contrast, lean women in urban areas were at approximately 29% risk less likely to deliver an LBW infant compared to the same women in rural areas. To answer the third question, we investigated the effect of pre-pregnancy BMI on the risks of CD, LBW, and macrosomia in cases where the association between GWG and pre-pregnancy BMI is taken into account. This is because the partial correlation between pregnancy outcomes and BMI conditional on GWG were significant. This case has not yet been addressed in the previous studies in Iran and often has been ignored as a limitation of the study. Our interest in identifying this stemmed from the fact that BMI and GWG were positively associated with CD and IBW after adjusting for the mothers and their infant's characteristics in our analysis in both areas. When the association between GWG and pre-pregnancy BMI is taken into account, this study showed that the reference group (the direction of weight during pregnancy across weight in pre-pregnancy) in identifying the risks of CD, macrosomia, and LBW is important.
Different risk patterns of CD, macrosomia, and LBW were observed in both areas when the association between GWG (below and above median) and BMI (four categories) was taken into account (Table 4 ). We observe from Table 3 and 4 that the risk patterns of CD increased from 52% to 92% in urban areas and from 49% to 91% in rural areas among overweight women, and increased from 74% to 2.62-fold in urban areas and from 62% to 2.15-fold in rural areas among obese women. The risk patterns of macrosomia increased from 40% to 91% in urban areas and from 35% to 70% in rural areas among overweight women, and increased from 58% to 2.35-fold in urban areas and from 47% to 96% in rural areas among obese women. These implied that the risk patterns of CD and macrosomia among overweight and obese women with above (below) median GWG in urban areas were more than the overweight and obese women with above (below) median GWG in rural areas. Note that, the latter results were observed among women who started pregnancy with overweight and obese and gained weight above (below) median GWG in comparison with women who started pregnancy with normal weight and gained weight above median GWG, and surprisingly no risks of CD and macrosomia were observed among these women compared with women started pregnancy with normal weight and gained weight below median GWG in both areas.
Further, the risk patterns of LBW increased from 38% to 92% in urban areas and from 49% to 97% in rural areas among lean women. This implied that the risk patterns of LBW among lean women with above (below) median GWG in urban areas were less than the lean women with above (below) median GWG in rural areas. Note that, the latter results were observed among women whose pregnancy started with lean and gained above (below) median GWG in comparison with women who started pregnancy with normal weight and gained weight below median GWG, and surprisingly no risk of LBW was observed among lean women compared with women who started pregnancy with normal weight and gained weight above median GWG in both areas. These issues support the need to reform adequate pre-pregnancy weight and weight during pregnancy against the risks of CD and macrosomia among overweight and obese women, and against the risk of LBW among lean women in both areas, particularly in rural areas in Northern Iran. Our findings are in agreement with previous studies [16] [17] [18] [19] [20] . The same as the previous studies [16] [17] [18] [19] [20] , our results showed that the risks of CD and macrosomia occurred among overweight and obese women, and the risk of LBW occurred among lean women.
Nohr, et al. 16 found the significant risk of emergency CD occurred in overweight and obese women with high (16-19 kg) and very high (>20kg) GWG categories the Danish National Birth Cohort. Frederich et al. 17 showed that there was a significant risk of LBW among lean to average women who gained ≤15.9 (median GWG) kg in Seattle and Tacoma, Washington women. They have also found the significant risk of macrosomia among over-weight and obese women who gained >15.9 kg. Merchant et al. 19 found that if a women started a pregnancy with BMI<19.8 kg/m 2 and gained <12.5 kg, the chance of her infant having a LBW is increased in Pakistani women. Moreover, Li et al. 20 evaluated women with both pre-pregnancy obesity and excessive GWG and they had 2.86 and 4.10 folds higher risks of CD and macrosomia respectively compared to women with normal pre-pregnancy BMI and adequate GWG among Tianjin women in Northern China. Further, our study subjects were younger than the subjects in Frederich et al. 17 and Li et al. 20 , and a bit older than the subjects in Merchant et al. 19 .Mean ±SD of maternal age was 32.40 ±5 years, 29.40 ±4.3 years, and 24.89 ±4.72 years, respectively in Frederich et al. 17 and Li et al. 20 , and in Merchant et al. 19 . Further, in our study, the association between age and pre-pregnancy body mass index in urban and rural areas were 0.19 and 0.20 respectively. Age was a significant covariate in the mixed-effect model. Our finding also showed that the prevalence of LBW infant in rural areas was more than in urban areas, which is consistent with the previous findings 22, 27 . One advantage of this study is using the logistic mixed-effect model which has been rarely used by previous studies. This model controlled unobservable heterogeneity between women in 6 and 4 different public health care centers. For instance, we observed no risk of macrosomia for overweight women in both urban and rural areas by using the ordinary logistic regression model, while we observed that overweight women experienced a 40% and 35% increased the risk of macrosomia in urban and rural areas in our analysis. Therefore, our results are more powerful and consistent than the obtained results by the ordinary logistic regression analysis.
Conclusion
The results may be generalizable to large sections of the women population in Northern areas of Iran. However, our findings strongly support the need to establish adequate pre-pregnancy weight and GWG against the risks of CD and macrosomia among overweight and obese women, and against the risk of LBW among lean women in both areas, particularly in rural areas in Northern Iran.
Limitation of the study
Alternatively, there were some limitations in this study. First, some maternal weights were not exactly measured in early pregnancy and we had to consider their weights at the first visit or at the first trimester or were self-reported.
Although BMI categories derived from the self-reported agreed for 91% of the women 16 , the ideal time for measuring weight is exactly in pre-pregnancy 16, 32 . Second, the considered health care centers were public, and this may cause the women with the low socio-economic levels to have been referred to these centers 24, 27 . Although we have not measured the economic status of the subject in both areas, but there was evidence that women in rural areas were poorer than the urban areas in the economic and education status. The use of small sample size in establishing the treatment cells may also cause the interpretation of our results to be limited.
